Introduction
Nanomaterials with dimensions ranging from a nanometer up to several hundred nanometers are comparable with many biological macromolecules, such as enzymes, antibodies, DNA plasmid, etc. Compared to the same-substance normal size objects, nanomaterials exhibit different physical and chemical properties and open the prospective to a large field of research comprising physics chemistry, biology, technologies, etc. They offer new opportunities for biomedical research and applications in various areas including biology and medicine. Nanobiotechnology by means of chemical methods links physical with biological sciences in the development of new tools and platforms for the understanding of biological systems, disease diagnosis and medical treatment [1, 2, 3] . Among these nanomaterials, carbon nanotubes (CNTs) have attracted recently the scientific interest thanks to their unique physical, mechanical and chemical properties [4, 5, 6, 7, 8] . A carbon nanotube, although not produced directly from graphite, can be envisioned as hollow cylinder of graphite layers [9] . In particular, a single-walled carbon nanotube (SWCNT) is a graphene 1 sheet rolled into a cylindrical shape so that the structure is quasi one-dimensional with axial symmetry, and in general exhibiting a spiral conformation, called chirality. SWCNT can have a diameter of about 0.7-10.0 nm, though the most frequent experimentally observed ones are with diameters larger than 2 nm. They can be considered as one-dimensional nanostructures if both ends 2 of a carbon nanotube are neglected and the attention is focused on the large aspect ratio of the cylinder (i.e., length/diameter which can be as large as 10 4 -10 5 ) [10] . Another graphene configuration possibility is the multi-walled carbon nanotube (MWCNT) that is a tube comprising several, concentrically arranged single-62 Corresponding author: nikolay.uzunov@lnl.infn.it DOI: 10.1515/asn-2017-0010 ©2017 "K.Preslavsky"University of Shumen. All rights reserved walled carbon nanotubes. They have similar lengths to the single-walled tubes, but much larger diameters (the inner and the outer diameters are around 5 and 100 nm, respectively, corresponding to 30 coaxial tubes) [9] . SWCNTs, thanks to their attractive and unparalleled physical properties including, but not limited, to electric conductance, high mechanical stiffness, light weight, transistor behavior, piezo-resistance, thermal conductivity, luminescence, electrochemical bond expansion and their versatile chemistry, as well as their size, shape and structure, have been studied for potential applications in biology [11] . As explained SWCNTs (and nanoparticle in general) have nano-dimensions of many orders of magnitude smaller than human cells, and therefore they can offer unprecedented interactions with biomolecules both on the surface and inside the cells, which may revolutionize disease treatments and diagnosis. Amongst the other very interesting properties it is the photoluminescence they exhibit in the near infrared (NIR) region when they are irradiated with visible light in the wavelength range up to 900 nm [12, 13] . Such kind of fluorescence is a matter of interest with respect to further biological applications such as deep tissue imaging. The transmission of NIR light in biological tissues is of the order of several millimetres. For small animals such as mice this is sufficient for imaging organs administered with SWCNTs.
In our previous research we have observed that the fluorescence emission from water solutions of SWCNT, excited by a laser with a wavelength of 830nm, diminishes with the time [14] . We have already proved that such a fading is a function of the storage time and the storage temperature. In order to study the emission of the SWCNT as a function of these two parameters we have designed and realized a special measurement compartment (thermostatic chamber) with a cuvette holder, where the SWCNT solutions can be measured and stored at a fixed constant temperature for periods of time as long as several weeks. In this article we present the design and realization of the cuvette compartment with the electronic modules to maintain the whole system in a constant temperature.
Materials and Methods
Measuring setup for the fluorescence emission of sodium cholate aqueous solution of SWCNT is compounded by the emission laser with a certain wavelength, a spectrometer for near-infrared (NIR) emission, a device to measure the intensity of the incoming laser beam and the intensity after the transmission in the sample, a cuvette holder with a system for measuring the fluorescence emission from the sample as well as a thermostatic system for maintenance and control of the temperature in the cuvette. All blocks are mounted on optical bank. To characterize the fluorescence emission of SWCNTs it is necessary to implement a system capable of generating a laser light with the correct wavelength using a laser diode. In our setup we have implemented THORLABS laser diode M9-830-0150 emitting at 830 nm with maximum power output of 150mW. Measurements of the fluorescence spectrum of the SWCNT are carried out very close to the cuvette surface using InGaAs spectrometer Hamamatsu C9406GC. Additional measurements of the intensity of the laser beam before and after passing through the cuvette are conducting using a THORLABS PM100 USB powermeter. Since it was necessary to ensure constant temperature of the cuvette with the solution of SWCNT a small thermostatic chamber with a cuvette holder was designed. Two Peltier cells with air cooling were incorporated into the thermostatic chamber and a sensor for control of the temperature was mounted in it. To make manageable everything it was chosen to control these operations using a single computer. To do so, on a PC with Windows system have been installed management programs operating the NIR spectrometer and THORLABS powermeter. Moreover a software based on LabVIEW 8.2, which controls and maintains the temperature the temperature in the thermostatic chamber and records its values over time, was implemented. The software exploits a PID algorithm (Proportional, Integral, Derivative) [15] capable of controlling temperatures of a minimum of 5 ° C to a maximum of 50 ° C. A suitable electronic, controlled by the PID, operates the current in the two Peltier cells installed on the outer surfaces of the chamber. In the same way another circuit, similar to the one described above, controls and maintains the temperature of the NIR spectrometer. In addition to this, to monitor the water condensation in the thermostatic chamber, it has been inserted a room temperature sensor and a humidity sensor. For the power supply and for the temperature maintenances of the laser source, however, were used dedicated devices: power supply block 205C THORLAB LDC and temperature control block THORLAB TED200C. The system, as a whole, has been 63 Corresponding author: nikolay.uzunov@lnl.infn.it DOI: 10.1515/asn-2017-0010 ©2017 "K.Preslavsky"University of Shumen. All rights reserved designed to be easily modified, where appropriate, supplemented by new parts, so as to respond to all the needs that would be created during the future research work.
Experimental setup
The whole measuring system is compounded by the following elements: 1. A PC which runs on software written in LabVIEW 8.2 by National Instruments 2. A plugged in a PC National Instruments board PCI 6025E that communicates with the hardware cards and temperature sensors. 3. Two constructed in the laboratory hardware cards on the basis matrix board composed by the 16F876A PIC microcontroller from Microchip, inside which there is a module for Pulse Width Modulation (PWM) [15] , from the driver (a chip initialed Tc4469 of Microchip), and the MOSFETs (a IRLI 3705N of International Rectifier IOR able to drive the current in the Peltier cell). A board controls the temperature of the thermostatic chamber while the other controls the spectrometer. 4. Three temperature sensors LM35 TEXAS INSTRUMENTS, with corresponding signal amplifiers, one for thermostatic chamber, and the last one for spectrometer to room temperature. The whole system is controlled by a software written in LabVIEW 8.2, which allows to read the three temperature sensors and the humidity through one 12-bit ADC (present in NIPCI6025 tab), to operate the Corresponding author: nikolay.uzunov@lnl.infn.it DOI: 10.1515/asn-2017-0010 ©2017 "K.Preslavsky"University of Shumen. All rights reserved hardware circuits by means of the DAC output channels 12 bits of NIPCI 6025, to handlе the two PID temperature controls, to save the acquired values of the temperature and humidity versus time in a file in excel format, and to visualize graphs of the trend in run-time values. The program is formed by a continuous loop which is executed every 100 ms, a time more than sufficient to properly control the slow variations of the temperature. Before running the loop the program makes a variety of settings related to the initial conditions of the variables involved and also sets the analog channels and the name and location of the data files. Inside the loop the temperature and humidity sensors are read, are calculated also the variables of the two PID controls, and are updated their output variables, then the data are saved you in a file and after that the graphics in the front panel are displayed. After the loop, which can only be closed by the front panel, the settings of the analog channels are reset and the data is closed. A second loop in parallel manages the reading of the button which imposes heating or cooling the thermostatic chamber, depending on the temperature value to be maintained. These two modes are implemented through the switching of a relay that reverses the current in the Peltier cells.
Fig. 2. Block diagram of the software for temperature and humidity control and regulation The National Instruments board NI PCI 6025E
This card through the PCI bus of the PC allows us to interface the analog and digital signals from the outside with the LabVIEW software. It has the ability to manage different signals: up to 8 differential analog inputs 12-bit, two 12-bit analog outputs, 32 digital inputs/outputs, and two 24-bit counters/timers. It uses a single ADC with sampling/rate maximum of 200Ks/s and a DAC with sampling/rate maximum of 10ks/s. For our application we have used 4 differential analog inputs (temperature and humidity sensors), two analog outputs (control hardware cards) and a digital signal (control of the relay, inversion of the current in Peltier cells for the thermostatic chamber). Corresponding author: nikolay.uzunov@lnl.infn.it DOI: 10.1515/asn-2017-0010 ©2017 "K.Preslavsky"University of Shumen. All rights reserved
Hardware board for control of the temperature of the thermostatic chamber and of the NIR spectrometer
Two hardware boards (Fig. 3 ) have been constructed in our laboratory to command adequately the current in the Peltier cells of the thermostatic chamber and to control the temperature of the spectrometer. The construction of these cards has been necessary both to be able to control, at the hardware level, the cell current in PWM (Pulse Width Modulation), and to eliminate the problems of thermal dissipation in the power consuming MOS-FET element as well as to disengage from the need to generate the PWM signal directly from the LabVIEW software, already engaged in various other processing. The electronic circuit is formed by three main blocks: a PIC16F876A microcontroller, an integrated driver Tc4469 and a MOS-FET IRLI3705N. The microcontroller receives the analog signal from the National NI6025 tab, translates it into PWM signal and sends it to the integrated driver. The Tc4469 amplifies it first in a current and transmits it to the gate of the MOS-FET which can drive with a further amplification the current of the Peltier cells. The cards are both powered by a voltage of 17 Volts with a maximum current of 2.5 A.
Fig. 3. The electrical circuit schemes of the hardware cards Amplifiers of the temperature sensor signals and the humidity sensor power supply circuit
The complete system uses three integrated temperature sensors LM35 of Texas Instruments. These devices offer an accuracy of +/-0.4 ° C throughout the operation range of -55 to 150 ° C, but for the range of temperature of use of our system (from 5 to 50°C) the typical error is reduced to a maximum of +/-0.1 ° C, that is more than sufficient for our application. This type of sensors generates an output voltage of 10 millivolts per degree of temperature. Having to measure also temperatures of the order of a few degrees, hence corresponding to very low output voltages, it was necessary to amplify the signal by a factor of 10. The amplification was carried out with an instrumentation amplifier INA128 of Burr Brown, with a CMR of 120 db, possessing a low offset and a drift offset of 0.5 μVolts/°C. The amplification is fed by dual voltage of + 10 and -10 volts with a maximum current of 100 mA (Fig. 4) . AT the end this circuit allows to measure the relative humidity from 11% to 89% with a maximum accuracy of +/-3%. The power supply of the moisture sensor is fed from the outside from + 10 V with a maximum current of 100 mA. 
Results
The long-time constant-temperature maintenance (up to twenty days) of a cuvette filled with solution of Single-Walled Carbon Nano-Tubes was tested for several temperatures beginning with 5 0 C to 35 0 C with a step of 5 0 C. The humidity of the measuring hall was also controlled and always maintained low enough to prevent water condensation of the cuvette. Thus measurements of the fluorescence emissions were also possible to be carried out. Table 1 demonstrates the results from the measurements of the temperature in the thermostatic chamber with the cuvette holder. The storage time for each of the temperatures maintained in the chamber exceeded 10 days. The temperature measurements were made in intervals of 6 seconds and were registered by the computer.
Thus the values shown in Table 1 are averaged values from a large number of temperature measurements.
Conclusions
We have designed and constructed a setup for fluorescence emission measurements and long-time constanttemperature maintenance of Single-Walled Carbon Nano-Tubes in water solutions. The whole setup was mounted and tested in the Laboratory for Radiopharmaceuticals and Molecular Imaging (LARIM) at the National Laboratories of Legnaro, INFN, Italy. The specific conditions for constant temperature maintenance of the measuring thermostatic chamber for periods up to one month in the laboratory required a very thorough approach in the search and implementation of the electronic blocks and circuits. Moreover, the special requirements for stability, reliability and fire safety as well as the requirements for protection against overloads and short circuits necessitated the construction of а system with much more specific capacities and capabilities. Realization of such a system was possible due to the opportunities offered by the use of specialized boards such as the National Instruments board NI PCI 6025E and moreover the possibility to control and operate all the processes using an appropriate software written in LabVIEW 8.2.
Real time measurement tests with this system have already been carried out so far at several storage temperatures. The system proved to possess excellent long-time storage-temperature stability and reliability and is suitable to conduct the fluorescence emission studies of different solutions of SWCNT.
